In this work, we developed a simple and sensitive method for spectrophotometric determination of trace amounts of iron in ammonium perchlorate. The procedure is based on the reaction of Fe (II) with O-phenanthroline (O-Phen) to form colored complex ion, followed by extraction of the complex using cloud point extraction technique (CPE) in the presence of anionic surfactants sodium dodecyl sulfate (SDS) and nonionic surfactant Triton X-114 as mixed micellemediated. The complex concentrated in the surfactant rich phase was then determined at 510 nm. Some important parameters affecting reaction and extraction steps were investigated and optimized in details. Under the optimal conditions, the calibration graph for determination of iron was linear in the range of 25-700 ng mL -1 . Detection limit of the method was 10 ng mL -1 and the relative standard deviation (RSD) for five replicate determinations of iron at 200 ng mL -1 concentration level was 2.46 %. The proposed method was successfully applied for determination of iron impurity in military grade ammonium perchlorate. In addition, excellent agreement was observed between this proposed method and the reference method.
Introduction
Ammonium perchlorate (AP) is used as the most common oxidizer and a major constituent in some of the pyrotechnic compositions and composite solid propellants.
Its content is about 60-90 % by weight in solid rocket propellants. [1] [2] [3] [4] The characteristics of combustion of AP are believed to influence the performance of solid rocket propellant and are remarkable sensitive to impurities in AP. [5] [6] [7] Based on the specification of defense standard requirements of AP for military uses, the iron concentration should not exceed 0.003 % (30 g g -1 )
. [8] Therefore, the control of the iron impurity level in military grade ammonium perchlorate is needed. However, the reliable determination of iron at this level is not a simple analytical task and the development of new low cost method could be very interesting.
Literature survey shows only two methods were applied for the determination of iron in AP. In the first method, the estimation was via formation of FeSCN 2+ complex and comparison of color by nessler tube method. [9, 10] This dated technique lacks sensitivity, because in this method, human eye is the detector. [11] The second method is based on complex formation of Fe (III) with ammonium pyrrolidine dithiocarbamate (APDC) and liquid-liquid extraction of the complex into methyl isobutyl ketone (MIBK) and determination of iron by atomic absorption spectrometry (AAS) at 248.9 nm. [8] Generally, in this analytical method, separation is carried out using conventional liquidliquid extraction that is a time consuming and multistage operation and used large amounts of potentially toxic organic solvents which are often hazardous and expensive.
In the last decade, increasing interest on the use of aqueous micellar solution has been found in the field of separation science. [12] [13] [14] Cloud point extraction (CPE) is a suitable alternative separation technique, which is based on the phase behavior of non-ionic and zwitter ionic surfactants in aqueous solutions, which exhibit phase separation after an increase in temperature or the addition of a salting-out agent. [15] Generally, above a certain temperature, a non-ionic surfactant phase is separated from aqueous solution. Therefore, any analyte solubilized in the hydrophobic core of the micelles will be separated in the small volume of the surfactant-rich phase. Also, CPE is in agreement with the principles of the green chemistry. [16] It is a green method for the following reasons: (i) The use of diluted solution of the surfactants that are inexpensive and low cost, and (ii) surfactants are not toxic, not volatile, and not flammable. This simple technique enables us to avoid hazardous organic solvents and allows achieving a much higher concentration of analyte than in the case of liquid-liquid extraction, because the micellar phase volume is about 10-100-fold less than the volume of an aqueous phase. [17] The effectiveness of the cloud point extraction is due to its high selectivity and the possibility of obtaining high coefficients of preconcentration while analyzing small sample volumes. So far, cloud point extraction has been used for the separation and preconcentration of hydrazine compounds and explosives. [18] [19] [20] In the present work, we proposed a CPE method for preconcentration of iron as a prior step to its determination using UV-Vis spectrophotometry. To evaluate the applicability of the proposed method, it was then applied for the determination of iron in military grade ammonium perchlorate.
Experimental

Reagents
All reagents used were of analytical grade, and all solutions were prepared with deionized water. A stock iron (III) solution (1000 g mL with 10 mL calibrated centrifuge tubes was used to accelerate the phase separation process. Measurements of pH were made with a metrohm 691 pH-meter using a combined glass electrode.
Recommended procedure
For the cloud point extraction under optimum conditions, an aliquot of the solution containing 250-7000 ng of the iron solution is taken so that the final concentration in 10 mL volume would be in the range of 25-700 ng mL 
Determination of iron in ammonium perchlorate samples
For determination of iron in AP by the proposed method and reference method, first, 2.0 g of ammonium perchlorate were dissolved in 10 mL water and then 0.20 mL concentrated nitric acid were added to it. The mixture was transferred into a 25 mL volumetric flask and diluted to the mark with water (original solution). Then 2.0 mL aliquot was subjected to the CPE methodology as described in the recommended procedure. Also, for the determination of iron by ICP-AES, the original solution was used, directly (without doing CPE procedures).
Results and Discussion
In buffer media, after reduction of Fe (III) to Fe (II) using hydroxylamine as a This cationic complex forms an ion pair with sodium dodecyl sulfate (SDS) that can be extracted by CPE technique using non-ionic surfactant as Triton X-114. Figure   1 shows the visible absorption spectra of the formed complex after CPE, which exhibit
a maximum absorbance at 510 nm. Therefore, all absorbance measurements were performed at this wavelength. To obtain high sensitivity, it is necessary to investigate the effect of all parameters that could influence the complex formation reaction and the performance of CPE. 
Parameters affecting the complex formation reaction Effect of the pH
The pH of the sample solution is one of the important factors affecting the formation of Fe (II)-O-Phen complex. The effect of pH was studied over the pH range from 2.0 to 8. As can be seen in figure 2 , the maximum absorbance was achieved over the pH range of 4.0 to 5.0. In more acidic media (pH<2), the formation of the complex was incomplete, while the raising of pH above this optimum range caused a gradual decrease in absorbance intensity probably due to hydrolysis of Fe(II). Therefore, pH 4.5 was selected for further studies. A 1.0 ml of 10 (w/v %) sodium citrate solution was used for the pH adjustment.
Effect of the hydroxylamine hydrochloride concentration
The complex of Fe (II) with O-Phen has a high molar absorptivity. Therefore, for 
Effect of the O-phenanthroline concentration
The effect of O-Phenanthroline concentration on the absorbance of the system was investigated within the range 0.10-2.0 mM. Figure 4 shows that the maximum absorbance was achieved up to 1.0 mM, and remained nearly constant at higher concentrations. Therefore, a concentration of 1.0 mM O-Phen was applied in the proposed method.
Parameters affecting the extraction efficiency of CPE Effect of SDS concentration
The effect of SDS concentration on the CPE preconcentration efficiency of the 
Effect of Triton X-114 concentration
To obtain the optimal concentration of Triton X-114, the effect of its concentration on the absorbance of the extracted phase was investigated. The results which are shown in figure 6 reveal that at the surfactant concentration of 0.20 % (w/v), the extraction efficiency is the highest. This value was selected as the optimal concentration value. 
Effect of electrolyte concentration
The effect of electrolytes on the cloud point extraction while using ionic-nonionic surfactant solutions (mixed-MME) has been investigated. [21, 22] When small amounts of electrolyte were added to Triton X-114 in the presence of SDS surfactant, the cloud point temperature decreases in a ratio dependent on the electrolyte concentration and the nature of the counter-ion. It was observed that the addition of NaCl within the interval of 1.0-5.0 % (w/v) had a good effect on the cloud point extraction efficiency and reached a maximum at 2.5 % (w/v) NaCl and remained nearly constant at higher concentrations. Therefore, a concentration of 2.5 % (w/v) NaCl was used as the optimum concentration.
Effect of centrifugation time
The centrifugation time does not have a considerable effect on the analytical characteristics of the CPE method. This parameter was examined in the range of 2-10 min at 3800 rpm. A time of 3 min was selected as optimum, since the complete phase separation occurs in this time and no appreciable improvements were observed for larger times. [23] where C L , S B , and m are the limit of detection, standard deviation of the blank, and the slope of the calibration graph, respectively, was 10 ng mL 
Analytical characteristics
Selectivity
To study the selectivity of the proposed method, the effect of various species on the determination of iron was tested under the optimum conditions. For this purpose, sample solutions containing 200 ng mL 
Conclusions
The new proposed procedure gives a simple and very sensitive spectrophotometric procedure for the determination of iron in AP. A cloud point extraction methodology used for the separation and preconcentration of iron that in comparison to solvent extraction methods, it is much safer, since only a small amount of the surfactant, which has a low toxicity, is used. The results of this study clearly show the potential and versatility of this method, which could be applied to evaluate iron impurity in AP. Finally, the coupling of CPE with UV-Vis spectrophotometry is a fast and low-cost procedure for the determination of iron and does not require sophisticated and expensive instruments such as AAS and ICP-AES.
